The Sciaenids have among the highest species richness, numerical abundance and biomass of any family of fishes along the Brazilian coast. The aim of this study was to analyze the composition and spatial and temporal distribution of as well as the influence of temperature, salinity and depth on the sciaenid assemblage of Santos Bay. A total of 29,306 individuals belonging to 13 genera and 21 species were captured, between November 2004 and December 2005, with Stellifer rastrifer representing 70.4% of the total composition. Highest abundance and biomass occurred on the east side of the bay, and the highest species richness occurred near the mouth of the Santos Channel, which was also the site with least similarity to the other sites. 
INTRODUCTION
The family Sciaenidae, also known as croakers, comprises ~70 genera with 270 species (NELSON, 2006) . Approximately 21 genera and 54 species occur along the Brazilian coast, with three genera and 18 species of them being freshwater taxa (MENEZES et al., 2003) . Sciaenids are primarily coastal marine fishes, most of them being found inshore over sandy or muddy bottoms, though a few species are found in deep water, and others have adapted to special habitats such as coral reefs (Equetus) and surf zones (Menticirrhus) (MENEZES; FIGUEIREDO, 1980; CHAO, 2002) . Many sciaenids use estuarine environments seasonally as nursery grounds during the juvenile phase, and as feeding and growth grounds during the young adult phase, others are year-round inhabitants of estuaries and coastal lagoons (CHAO, 2002) .
The Sciaenids represent the main fishery resources in many tropical and temperate areas, besides constituting an important part of the by-catch from fishing targeted at shrimp species, i. e., redspotted shrimp (Farfantepenaeus brasiliensis), Southern white shrimp (Litopenaeus schmitti) and mainly Atlantic sea-bob shrimp (Xiphopenaeus kroyeri) (COELHO et al., 1986; SANTOS et al., 1998; GRAÇA-LOPES et al., 2002; BAIL; BRANCO, 2003; VIANNA et al., 2004; VERANI, 2006; CHAVES, 2006) . The Sciaenids Stellifer rastrifer, S. brasiliensis, Isopisthus parvipinnis, Paralonchurus brasiliensis represented more than 50% of the by-catch from shrimp fisheries along the coast of São Paulo state. The high frequency of the occurrence of sciaenid in by-catches indicates that these species are abundant where the trawl fishery operates (COELHO et al., 1986) . Sciaenids and penaeiod shrimp may co-occur due to similar requirements regarding abiotic factors such as the type of substrate or depth, which will influence both their distribution and prey, since most species live in a close association with the bottom (ARAÚJO et al., 2006) or with related food resources (SOUZA et al., 2008) .
Salinity and temperature variations are often assumed to influence spatial and temporal patterns of biological communities in aquatic coastal ecosystems (BLABER; BLABER, 1980; MARSHALL; ELLIOTT, 1998; RAZ-GUZMAN; HUIDOBRO, 2002; SOSA-LÓPEZ et al., 2007; BARLETTA et al., 2008) . The aim of this study was to compare the spatial and temporal differences in Sciaenid species assemblages in Santos bay, and to investigate possible environmental influences on sciaenid assemblages.
MATERIAL AND METHODS

Study Area and Sampling Techniques
The Baixada Santista, located on the central coast of São Paulo state, covers the São Vicente and Santos estuarine system, the Santos Bay and the adjacent Continental Shelf (CETESB, 2001 ). This area is known for its high levels of pollution from industrial, port and urban activities (BRAGA et al., 2000) .
The São Vicente and Santos bay-estuarine system is a heterogeneous environment, consisting of many sub-environments, rocky shores, sandy beaches, mangrove swamps and adjacent muddy substrates, resulting in considerable wildlife variety and interdependence between the species, which contributes to the dynamic equilibrium of the environment (MEIRA et al., 1983) .
Fish sampling was undertaken monthly in Santos bay between November 2004 and December 2005 (except for December 2004) at six oceanographic stations (Fig. 1) . Sampling was performed with an otter trawl, which operated for 10 minutes at a speed of 2 knots. Temperature and salinity data from the entire water column at each oceanographic station were recorded using a Conductivity, Temperature and Depth probe (CTD).
The Sciaenids were identified to species level in accordance with Menezes and Figueiredo (1980) and Chao (2002) , with further taxonomic updates based on Menezes et al. (2003) . Identification of Macrodon ancylodon and Macrodon autricauda was based on a taxonomic review by Carvalho-Filho et al. (2010) . For each fish the total length (TL: nearest 0.1 mm) and weight (WT: nearest 0.01g) were measured and recorded. 
Analysis
Margalef's richness (R), Pielou´s equitability (J), Shannon & Wiener's (H´) diversity and Simpson's dominance indices were calculated for monthly samples from each station (BEGON et al., 2006) . Fish abundance and environmental data were log(x+1) transformed prior to ordination using the Bray-Curtis similarity Index and Canonical Correspondence Analysis.
Canonical Correspondence Analysis (CCA) was applied to describe the relationships between the Sciaenid species in the Santos bay in temporal and spatial terms and to identify the most important environmental variables affecting the structure of the sciaenid community. The environmental variables considered in the model were depth, temperature and salinity. The CCA produces a biplot on which environmental variables are represented as arrows (vectors) radiating from the origin of the ordination, i.e., the length of an environmental vector is proportional to the strength of the relationship between the environmental variable that the vector represents and the abundance of the species analyzed (BARLETTA et al., 2008) . Spearman rank correlation coefficients were used to determine the effect of the environmental variables (depth, temperature and salinity) on the abundance of fish species. For all statistical analyses alpha = 0.05.
RESULTS
There was great seasonal variation in temperature with a maximum of 26.2°C in the summer and autumn months (January to May 2005) and a minimum of 20.4°C during the winter (July to September 2005) (Fig. 2) . Temperature and salinity presented little spatial variation. The salinity presented its lowest value in October 2005 (30.3) and its highest value in November 2004, with a maximum of 35.3 (Fig. 2) .
A total of 29,306 specimens comprising 13 genera and 21 species of Sciaenidae were collected. The genera Stellifer and Cynoscion were and were each represented by four species each. The most abundant species in terms of numerical abundance (70.4%) and weight was Stellifer rastrifer (Table 1) . (Fig. 3) . Differences in species richness, diversity and evenness occurred between the sites. The highest richness, diversity and evenness indices were observed at station 6 ( Table 2 ). The highest numerical abundance was observed at station 1 and the lowest at station 6. The stations on the western side (stations 3 and 4) showed a similar pattern of abundance (Fig. 4) , presenting the lowest values for the Pielou evenness and Shannon & Wiener Diversity indices, but differing from each other in the Margalef' species richness value (Table 2) .
Cluster analyses indicated greater similarity between stations 2 (outer) and 3 (deep) (± 85%), and between the shallow stations 4 and 5 (± 88%). Station 6 had the lowest similarity (70%) among the stations (Fig. 5) , probably because this station also had the lowest abundance (Fig. 4) .
Differences in species richness, diversity and evenness also occurred between the months. The highest observed species richness occurred in January 2005 (17 species). The highest diversity occurred in September and December 2005 and the lowest in April 2005 ( Table 2 ). The greatest abundance occurred between April and July, April presenting the highest figure (N= 5389, 18.4%); September showed the lowest abundance (N= 795, 2.7%) (Fig. 4) .
Species composition showed 85% similarity, the highest, between August and November 05, and 80% from April to July 05 (autumn and winter). November 2004 was the month with the greatest dissimilarity (Fig. 6) .
Canonical correspondence analysis (CCA) of spatial and temporal distribution showed that the species S. rastrifer was correlated mainly with the following months: April, May, June and July; I. parvipinnis and P. brasiliensis with oceanographic stations 1 and 2, and M. atricauda was correlated only with station 2. The species S. stellifer showed correlation with April and station 5, while Stellifer sp. correlated with April, June and July 2005 and oceanographic stations 4 and 5. This correlation occurred mainly due to the high abundance in these areas. Bairdiella ronchus and Umbrina canosai showed the highest correlation with station 6 (Fig.  7) .
The CCA analysis indicated that the environment variable depth influenced species abundance in Santos bay, with lesser effect from temperature, whereas salinity had no effect. The species Menticirrhus littoralis showed a further correlation with temperature (Fig. 8) . No correlation between the abundance of Sciaenid species by month, oceanographic station and any of the environmental variables was found by the Spearman rank correlation. 
DISCUSSION
Fish assemblages are potentially impacted by many anthropogenic influences, in such aspects as diversity, distribution, abundance, growth, survival, breeding and food resources (WHITFIELD; ELLIOTT, 2002) . Application of fish species richness and diversity in fish assemblage studies can directly assist in the evaluation of the importance and condition of a system (WHITFIELD; ELLIOTT, 2002) -as well as providing important information on the conservation and management of fishery resources in degraded ecosystems (MELO, 2008) . It is, however, difficult to compare the species richness and abundance of different areas, because the habitats are different and fishery effort may also differ (ARAÚJO et al., 2006) .
The high representation of Sciaenidae, both in richness, abundance and biomass in fish community studies has been well documented (ARAÚJO et al.,1997; ARAÚJO et al.,1998; CORRÊA, 1998; BOUCHEREAU, 2000; PESSANHA et al., 2000; CASTRO, 2001; ARAÚJO et al., 2002; RAZ-GUZMAN; HUIDOBRO, 2002; GODEFROID et al., 2004; QUEIRÓZ et al.,2006; SCHWARZ JR et al., 2006; SCHWARZ JR. et al., 2007; CARVALHO-NETA; CASTRO, 2008; AZEVEDO et al., 2007; ROCHA et al., 2010) . This predominance may be attributed mainly to the fact that the Sciaenid species occur mainly in the demersal strata of the coastal environment (COELHO et al., 1986; GIANNINI; PAIVA FILHO, 1990) , thus, a survey based on trawling close to the bottom will have a high representation of Sciaenid in the samples. According to Paiva Filho and Schmiegelow (1986) , this family shows the highest number of individuals and biomass in Santos bay, including the adjacent areas. In the same area, Giannini and Paiva Filho (1990) recorded 20 species, with Stellifer rastrifer, Isopisthus parvipinnis, Paralonchurus brasiliensis, Micropogonias furnieri, Stellifer brasiliensis and Menticirrhus americanus, totaling 90% of the catch, S. rastrifer being the species with the highest dominance and abundance. The same abundance pattern was observed in this study with 21 species caught and Stellifer rastrifer accounting for 70% of the total abundance.
Over the years, some changes regarding species abundance, such as a decrease in the number of individuals of M. furnieri and an increase in the abundance of Stellifer brasiliensis, Macrodon atricauda, S. stellifer and Nebris microps (GIANNINI; PAIVA FILHO, 1990 ; this study), have been recorded. According to Giannini and Paiva Filho (1990) , sciaenid species, particularly S. rastrifer, I. parvipinnis, P. brasiliensis and S. brasiliensis, occur mostly in the demersal part of Santos bay. The species Micropogonias furnieri and Menticirrhus americanus, however, are found in a wider range of habitats, as demonstrated by their high abundance in the beach trawl.
The spatial distribution of fish assemblages may provide a useful tool for assessing the level of marine influence on lagoon ecosystems (MARIANI, 2001 ). The Santos bay fish community presents the highest number of species on the east side, especially for the sciaenid Paralonchurus brasiliensis, Stellifer rastrifer and S. brasiliensis (GIANNINI; PAIVA FILHO, 1990) . The results of Giannini and Paiva Filho (1990) are consistent with those of this present study, i.e., the highest species richness and diversity occurred in the outer part of Santos bay, and the highest abundance and biomass at station 1 (station located on the east side of Santos bay, next to the Santos Channel), as well as the numerical predominance of the species Stellifer rastrifer, Stellifer brasiliensis and Paralonchurus brasiliensis.
Clear spatial segregation of Sciaenid species has also been reported by other studies. Differences in spatial distribution of sciaenids in the Pinheiros bay (PR) were reported by Schwarz Jr et al (2007) . In that study Isopisthus parvipinnis, Stellifer rastrifer and S. brasiliensis showed a preference for the outer part of the bay where marine/oceanic influence was greatest. Similarly Araújo et al. (2006) noted a clear spatial segregation among sciaenid species in the Sepetiba bay (RJ), where Micropogonias furnieri occurred mainly in the inner part of the bay, while Menticirrhus americanus was distributed throughout the bay, and Ctenosciaena gracilicirrhus and Cynoscion leiarchus were most abundant in the outer zone.
Fish assemblages may be considered to be greatly influenced by environmental factors, which affect the available habitat. Depending on individual species' environmental and physiological tolerances, the assemblage may also be influenced by other variables, such as predator-prey interactions and inter and intra-specific competition (WHITFIELD; ELLIOTT, 2002) . Further, the type of substrate may influence the distribution of sciaenid species (ARAÚJO et al., 2006) , due to availability of prey species, which live in close association with the bottom. For example, a substrate composed of fine sediment may provide support for the settlement of shrimp, which may provide food for sciaenid species (SOUZA et al., 2008) . The sediment of Santos bay is composed of sand, except for the areas next to sewage outfalls and the Santos Channel which is composed of salt, silt and clay (MEDEIROS; BÍCEGO, 2004) , thus accounting for the occurrence of sciaenid species in these areas.
Other environmental factors can also influence the structure of fish assemblages in bays (ANSARI et al., 2003) . Temperature and salinity fluctuations appear to influence different aspects of the community, with temperature proving to be the best predictor of total abundance, while salinity influences the species richness and total biomass (MARSHALL; ELLIOTT, 1998) . Distribution of sciaenid assemblages have also been influenced by other environmental factors. Muto et al. (2000) affirmed that, on the inner shelf of Southeastern Brazil, where the dominant species were Ctenosciaena gracilicirrhus, Paralonchurus brasiliensis and Cynoscion jamaicensis, temperature was the most important variable to explain fish distribution, whereas, according to Giannini and Paiva Filho (1990, 1994) , the spatio-temporal distributions of sciaenid species assemblages in Santos bay were influenced by temperature as well as by salinity and oxygen concentration. In this present study, only depth and temperature were found to be related to species distribution. Temperature appeared to influence the distribution of Menticirrhus americanus, but only two individuals were caught between January and April 2005, when the average temperature was 25°C.
According to Araújo et al. (2006) , in Sepetiba Bay (RJ), depth, followed by transparency, were the main environmental variables to influence the distribution of Micropogonias furnieri, Menticirrhus americanus, Ctenosciaena gracilicirrhus and Cynoscion leiarchus. In Pinheiros Bay (PR), depth was the parameter that was observed to exercise a great influence on the abundance of I. parvipinnis and S. rastrifer, because these species occurred at great depths (SCHWARZ JR et al., 2007) .
In conclusion, this study has shown that the number of species and abundance of Sciaenid have remained high in Santos bay and that their assemblage is dominated by Stellifer rastrifer, as was already the case in the 1990's (GIANNINI; PAIVA FILHO, 1990) , that is to say the Sciaenid assemblage has been stable for more than 20 years. The highest species richness and diversity occurred near the Santos Channel, while for the one year for which data were available species richness/diversity was greatest in January. The main environmental factor that has been shown to influence the sciaenid species assemblages was temperature (GIANNINI PAIVA FILHO, 1990 ; this study). The influence of temperature on the fish assemblage may be a relevant tool in future monitoring of the impact of climate change on fish assemblages. Further work which may take into account differences between years, as well as within years, is required to improve our understanding of the habitats use by sciaenid species and to assess any alterations caused by the impact of anthropogenic effects, whether in the habitats or in the fish assemblages themselves.
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